® 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



ll 

© Publication number: 



0 590 588 A1 



© Application number: 93115617.8 
@ Date of filing: 28.09.93 



EUROPEAN PATENT APPLICATION 

© int.ci.5:G0SG 1/16, B60Q 1/52 



© Priority: 30.09.92 JP 261084/92 
15.03.93 JP 53640/93 

© Date of publication of application: 
06.04.94 Bulletin 94/14 

® Designated Contracting States: 
DE GB 

© Applicant: HITACHI, LTD. 

6, Kanda Surugadal 4-chome 
Chiyoda-ku, Tokyo 1 01 ( JP) 

© Inventor: Ejlri, Masakazu 
18-17, Nakaaral 4-chome 
Tokorozawa-shi, Saitama 359(JP) 
Inventor: Kamejima, KohJI 
3-7-103, Inayoshiminami 2-chome, 
Chiyoda-machl 



Ntlharl-guh, Ibarakl 315(JP) 
Inventor: Hamada, Tomoyukl 
Refho Haltsu 201, 
13-30, Shlbazakldal 1-chome 
Abiko-shl, Chlba 270-11 ( J P) 
Inventor: Sakamoto, Takae 
3-3-402, Inayoshiminami 2-chome, 
Chiyoda-machi 
NHharl-gun, Ibarakl 315(JP) 
Inventor Kimura, Yotaro 
Suwadal-ryo, 

3-1, Takasuzu-cho 2-chome 
Hitachi-shl, Ibarakl 317(JP) 

© Representative: Patentanwaite Beetz 
Siegfried Schmltt-Fumian - Mayr 
Steinsdorfstrasse 10 
D-80538 MUnchen (DE) 



Timpe 



00 
00 

m 



in 



® Vehicle driving support system and vehicle therewith. 



© A vehicle driving support system generating 
driving reference information by detecting the envi- 
ronmental condition around a vehicle, wherein the 
vehicle driving support system has an information 
processor (110. 117) which generates driving refer- 



ence information suitable for the running condition of 
said vehicle by processing the environment data 
obtained by detecting the condition around the ve- 
hicle corresponding to the plurality of the running 
conditions of said vehicle. 



FIG. 33 
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Background of the Invention 

Field of the Invention 

The present invention relates to a vehicle driv- 
ing support system which provides a driver with 
reference information for driving a vehicle by 
means of detecting and processing an environment 
condition around the vehicle and to a vehicle there- 
with. 

Description of the Prior Art 

There have been various automatic tracking 
control systems so far which detect the speed of a 
preceding vehicle and find the distance between 
the subject and the preceding vehicles, that is 
inter-vehicle distance, based on the detected 
speed, , and keep the distance between the two 
vehicles in order to support long-distance driving in 
safety. 

Such prior art is already disclosed, for exam- 
ple, in Japanese Patent Application Laid-Open 
No.3-295000 (1991). 

There also have been alarm systems which 
detect the distance between a vehicle and the 
preceding vehicle and make an alarm sound to 
caution the driver against a rear-end collision. The 
alarm systems are described in Japanese Patent 
Application Laid-Open No.4-201641 (1992) and No. 
4-201643 (1992). 

The prior art mentioned above will be useful 
when vehicles are continuously running on ordinary 
roads or highways. From a running mode point of 
view, however, vehicles are driven more often in a 
congestion running mode on ordinary streets than 
in a high speed running mode on driveways. When 
they are being driven on ordinary streets, they are 
generally forced to repeat stopping and slow run- 
ning due to traffic signals and congestions. A driv- 
er, therefore, is busy in driving operation when a 
vehicle is driven in the congestion running mode, 
and has to keep watching the driving state of the 
preceding vehicle, as well as watching the state of 
the street beyond the preceding vehicle. In such a 
situation, the mental and physical burdens imposed 
on the driver will be considerable. 

Now there are a lot of cases where a driver 
runs a vehicle in a narrow space such as in a 
narrow passage in a downtown area, in a narrow 
parking lot or in a garage. In order to preform such 
driving reliably, a well experienced and skillful driv- 
ing technique is indispensable. Especially, for be- 
ginners, drivers in name only, and physically handi- 
capped persons, it would be the most difficult item. 
They have to bear both mental and physical stress- 
es from such driving. 



The control system or the alarm system in the 
prior art described above has no support function 
for driving operation in such a congestion running 
mode or a narrow space running mode. 

s 

Summary of the Invention 
Object 

10 One of the objects of the present invention is 

to provide a vehicle driving support system which 
is capable of reducing the driver's burdens in plural 
kinds of running modes such as congestion running 
mode, narrow space running mode and the like, 

75 and facilitating easy, safe and effective driving for 
the driver. 

Another object of the present invention is to 
provide a support system which is capable of re- 
ducing the driver's burdens to watch forward in a 
20 congestion running mode on a congested street, 
where vehicle is forced to repeat stopping and slow 
running, by means of monitoring the driving state 
of the preceding vehicle and informing its change 
to the driver. 

25 A further object of the present invention is to 

provide a support system which is capable of easi- 
ly driving operation in a narrow space running 
mode, where vehicle is running on a narrow pas- 
sage, a narrow parking lot or a garage, by means 

30 of providing the driver with the information on ob- 
stacles existing around the vehicle. 

An even further object of the present invention 
is to provide a support system which is capable of 
selecting a suitable driving operation reference in- 

35 formation corresponding to plural kinds of running 
conditions of the vehicle and informing it to a 
driver, and to provide a vehicle therewith. 



40 



Summary 



A vehicle driving support system according to 
the present invention generates a driving operation 
reference information suitable to a running con- 
dition of a vehicle through processing the eriviron- 

45 ment data obtained from detecting environment 
condition around a vehicle based on the various 
kinds of the running conditions of said vehicle and 
informs it to a driver. 

Said vehicle driving support system according 

so to the present invention comprises environment 
detecting means for detecting objects around the 
vehicle to output environment data, running con- 
dition specify means for selectively specifying the 
running condition of said vehicle from plural kinds 

55 of conditions, information processing means for 
generating a driving operation reference informa- 
tion suitable to the condition of said vehicle through 
processing said environment data based on the 
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selected running condition and information means 
for informing the driving operation reference in- 
formation to the driver. 

More particularly, said running condition speci- 
fy means comprises input means for specifying the 5 
condition of said vehicle, in a normal running con- 
dition such as high speed running or in a conges- 
tion running condition, by the driver's operation. 
And when the vehicle is in the congestion con- 
dition, said information processing means monitors 10 
the distance between said vehicle and the preced- 
ing vehicle and generates driving operation refer- 
ence information to inform starting of the preceding 
vehicle to the driver. 

Further, said running condition specify means 75 
comprises input means for specifying the condition 
. of said vehicle, in a narrow passage running con- 
dition or in a parking lot running condition. And 
when the vehicle is in the narrow passage running 
condition, said information processing means monk 20 
tors objects positioning around said vehicle in rela- 
tionship of relative position and generates driving 
operation reference information to inform it to the 
driver. On the other hand, when the vehicle is in 
the parkjng lot running condition, the information 25 
processing means generates driving operation ref- 
erence information on distributing condition of the 
objects existing in said parking lot to inform it to 
the driver. 

Furthermore, said vehicle driving support sys- 30 
tern comprises a communication unit to obtain 
more environment information by means of com- 
municating with a ground station or other vehicles. 

Brief Description of the Drawings 35 

FIG.1 is a block diagram showing the basic 
structure of a vehicle driving support system in 
accordance with the present invention. 

FIG. 2 is a flow diagram showing data process- 40 
ing to generate driving operation reference informa- 
tion executed by the information processing unit in 
FIG.1. 

FIG.3 is a block diagram showing the partial 
structure in one embodiment of a driving support 45 
system in accordance with the present invention. 

FIG.4 shows a configuration of a command unit 
and a display unit in the embodiment shown in 
FIG.3. 

FIG. 5 is a flow diagram showing data process- so 
ing executed by the information processing unit in 
the embodiment shown in FIG.3. 

FIG. 6 is a block diagram showing the partial 
structure in another embodiment of a vehicle driv- 
ing supporting system in accordance with the 55 
present invention. 

FIG.7 is a flow diagram showing data process- 
ing executed by the information processing unit in 



the embodiment shown in FIG.6. 

FIG.8 is a flow diagram showing detailed data 
processing in the running reference distance dis- 
play processing shown in FIG.7. 

FIG.9 is a flow diagram showing detailed data 
processing in the congestion reference distance 
display processing shown in FIG.7. 

FIG.10 shows a displayed picture on the dis- 
play unit in the running reference distance display 
processing shown in FIG.8. 

FIG. 11 shows a displayed picture on the dis- 
play unit in the congestion reference distance dis- 
play processing shown in FIG.9. 

FIG. 12 is a flow diagram showing detailed data 
processing in the error routine shown in FIG.7. 

FIG.13 shows a displayed picture on the dis- 
play unit in the error routine shown in FIG. 12. 

FIG. 14 shows one embodiment of an informa- 
tion memory format in the memory in the embodi- 
ment shown in FiG.6. 

Fig. 15 is a flow diagram showing data process- 
ing in the comparing reference distance information 
generating processing executed by the information 
processing unit in the embodiment shown in FIG.6. 

FIG. 16 is a flow diagram showing detailed data 
processing in the display information output pro- 
cessing in the comparing reference distance in- 
formation generating processing shown in FIG.15. 

FIG. 17 is a flow diagram showing detailed data 
processing in the comparing reference distance 
information output processing in the comparing ref- 
erence distance information generating processing 
shown in FIG.15. 

FIG. 18 is a flow diagram showing data process- 
ing in a comparing processing executed by the 
information processing unit in the embodiment 
shown in FIG.6. 

FIG.19 is a flow diagram showing other de- 
tailed data processing in the running reference 
distance display processing shown in FIG.7. 

FIG.20 is a flow diagram showing other de- 
tailed data processing in the congestion reference 
distance display processing shown in FIG.7. 

FIG.21 is a block diagram showing a further 
embodiment of the partial structure of a vehicle 
driving support system in accordance with the 
present invention. 

FIG.22 is a block diagram showing the detailed 
structure of another embodiment of a distance in- 
formation detector used in a vehicle driving support 
system in accordance with the present invention. 

FIG.23 is a block diagram showing the detailed 
structure of a further embodiment of a distance 
information detector used in a vehicle driving sup- 
port system in accordance with the present inven- 
tion. 

FIG.24 is a block diagram showing a partial 
structure of a further embodiment od a vehicle 
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driving support system in accordance with the 
present invention. 

FIG.25 is a graph showing a conversion char- 
acteristic of a converter in the vehicle driving sup- 
port system in accordance with the present inven- 
tion shown in FIG.24. 

FIG.26 is a block diagram showing the struc^ 
ture of an embodiment of a vehicle driving support 
system suitably applicable to an unmanned vehicle 
in accordance with the present invention. 

FIG.27 shows a desirable configuration of the 
structural means of a vehicle driving support sys- 
tem in accordance with the present invention 
mounted on a vehicle. 

FIG.28 shows another configuration of a driving 
support system in accordance with the present 
invention mounted on a vehicle. 

FIG.29 shows a configuration of a command 
unit and a display unit composing a driving support 
system in accordance with the present invention. 

FIG.30 shows another configuration of a com- 
mand unit and a display unit composing a driving 
support system in accordance with the present 
invention. 

FIG. 31 shows a further configuration of a com- 
mand unit and a display unit composing a driving 
support system in accordance with the present 
invention. 

FIG.32 is a graph showing another converting 
characteristic of a converter used in a vehicle driv- 
ing support system in accordance with the present 
invention. 

FIG.33 is a block diagram showing the partial 
structure of a further embodiment of a vehicle 
driving support system in accordance with the 
present invention. 

FIG.34 is a picture showing a detected con- 
dition and its result displayed on a display unit 
obtained by a distributed proximity sensor used as 
an environment sensor in the embodiment shown 
< in FIG.33. 

FIG. 35 is a picture showing a condition moni- 
toring environment around a vehicle by using an 
environment signal from said distributed proximity 
sensor in the embodiment shown in FIG.33 and a 
motion data. 

FIG. 36 is a flow diagram showing data process- 
ing for monitoring the environment around a vehicle 
executed by the information processing unit in the 
embodiment shown in FIG.33. 

FIG.37 is a block diagram showing the partial 
structure of a further embodiment of a vehicle 
driving support system in accordance with the 
present invention. 

FIG.38 is a flow diagram showing data process- 
ing to generate a guidance information for parking 
executed by the information processing unit in the 
embodiment shown in FIG.37. 



FIG.39 shows a picture on a display unit dis- 
playing parking guidance information. 

FIG.40 shows another picture on a display unit 
displaying parking guidance information. 
5 FIG.41 is a block diagram showing the partial 

structure of an information memory out of vehicle. 

FIG. 42 is a picture showing a driver's view 
during parking with guiding. 

FIG.43 a graph showing various running modes 
10 of vehicle expressed by a relationship between 
elapsed time and subject space size. 

Detailed Description of the Preferred Embodiments 

75 Referring to the drawings, some embodiments 

of the present invention will be explained below 
focusing on an vehicle. 

Firstly, some explanation will be done on the 
various running modes of the vehicle which drivers 
20 encounter with. When a vehicle runs, for example, 
on a complicated street in downtown, the driver will 
be forced to make many decisions due to the 
traffic situation, congestion, etc. According to such 
traffic information, the driver must decide the prop- 
25 er running mode for route guidance, highway run- 
ning, general road running, low speed running in a 
congestion, repetitive stops, lengthwise parking, 
putting his vehicle into the garage, meeting another 
vehicle on a narrow passage, avoiding a collision, 
30 etc. Basically, those decisions will be made of 
one's own accord. FIG.43 shows the relationship 
between elapsed time and object space size in 
relation to each of those running modes. In order to 
support the driver for two or more running modes, 
35 the close relationship between the driver and the 
vehicle is indispensable. FIG.43 shows a case in 
which running modes are changed frequently 
among highway running, general road running, low 
speed running in a traffic congestion, and repetitive 
40 stop. In fact, those running modes are so important 
that they must be considered carefully. A driver 
also frequently encounters narrow passage running 
mode driving on a narrow passage and parking 
running mode driving in a parking lot or a garage. 
45 A vehicle driving support system in accordance 

with the present invention generates driving opera- 
tion reference information corresponding to such 
various running modes suitable for their driving 
operation to provide the driver with it. 
so FIG.1 is a block diagram showing the basic 

structure of a vehicle driving support system in 
accordance with the present invention, and FIG.2 is 
a flow diagram showing data processing to gen- 
erate driving operation reference information ex- 
55 ecuted by the information processing unit. 

An information processing unit 110 is com- 
posed of mainly a micro processing unit which 
generates an driving operation reference informa- 
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tion suitable for a running condition to output on a 
display unit 160 by means of processing the data, 
object detecting data around a vehicle obtained 
from an environment sensor 120, self-vehicle con- 
dition detected data obtained from a body sensor 5 
130 and other environment data obtained from 
communication unit 150, in accordance with the 
running condition specified by a command signal 
given from a command unit 150. Said information 
processing unit 110 also provides a control signal 10 
for an output unit 170 which generates alarm 
sounds or, if necessary, automatically operates a 
part of a driving operation mechanism of the ve- 
hicle. 

FIG.2 is a flow diagram showing data process- is 
ing to generate driving operation reference informa- 
tion executed by said information processing unit, 
showing normal running, congestion running, nar- 
row passage running and parking running con- 
ditions as running modes of the vehicle. The in- 20 
formation processing unit 110 analyzes said com- 
mand signal by means of decision operations 201 
- 204, in a congestion running condition executing 
precedent vehicle start monitoring operation 205 to 
inform the driver of the driving operation reference 25 
information that the precedent vehicle stopping 
ahead starts to running, in a normal running con- 
dition executing inter-vehicle distance displaying 
operation 206 to inform the driver of the driving 
operation reference information on the suitable dis- 30 
tance between the precedent and the subject ve- 
hicles, in a narrow passage running condition ex- 
ecuting obstacle monitoring operation 207 to inform 
the driver of the obstacles existing and approach- 
ing the self-vehicle, in a parking running condition 35 
executing guidance information displaying opera- 
tion 208 to inform the driver of the distributing 
condition of objects in a parking lot 

Referring next to FIG.3 - FIG.5. an embodi- 
ment of a partial structure of said driving support 40 
system will be explained in detail. The function of 
the structure in this embodiment is to generate 
driving operation reference information correspond- 
ing to a congestion running condition and a normal 
running condition, and the function thereof is re- 45 
alized by using data processing function of a micro 
processing unit. 

In FIG.3, a distance information detector 121 is 
shown as a part of the environment detector 120, 
detecting an object 301 which is a rear part of a so 
vehicle positioning ahead of a self-vehicle, a com- 
mand unit 151 generating a command signal to 
specify running conditions being shown as a part of 
the command input unit 150, a memory 111 and a 
comparator 112 being shown as a part of the 55 
information processing unit 110, an alarm 171 be- 
ing shown as a part of the output unit 170. 



The distance information detector 121 com- 
prises a distance measuring instrument which uti- 
lizes ultrasonic wave, laser beam or the like. The 
command unit 151 is provided near the steering 
wheel. The unit has push-buttons which are used 
by a driver to select and input each of the running 
modes. The push-buttons include, as shown in 
FIG.4, a button for congestion 151a and a button 
for normal running 151b. 

The memory 111 of a part of the information 
processing unit 110 is used to store the reference 
distance information corresponding to each of the 
running modes output from said command unit. 
When the running mode is the congestion running, 
the reference distance information is a detected 
inter-vehicle distance data obtained from the dis- 
tance information detector 121 at the time the 
command signal is input. And when the running 
mode is the normal running mode, the reference 
distance information is a detected inter-vehicle dis- 
tance data obtained from the distance information 
detector 121 at that time or an inter-vehicle dis- 
tance to be kept for safe driving. Said comparator 
112 compares the detected inter-vehicle distance 
output from said distance information detector 121 
with the reference distance information output from 
said memory 111, and outputs the result. Said 
display unit 160 displays the labeling character 
message of the running mode directed from said 
command unit 151 and the reference distance in- 
formation output from said memory 111 corre- 
sponding to this running mode.This display unit 
160, as shown in FIG.4, is provided beside the 
push-buttons 151a and 151b of the command unit 
151 near the steering wheel. The unit has a display 
window 160a for the congestion or running mes- 
sage and the reference distances. The display unit 
160 may comprise a head-up display so that data 
can be displayed on the wind shield. 

Said alarm 171 generates alarm sounds based 
on the result of the comparison output from said 
comparator 112. 

Referring next to FIG.5, the operation of the 
embodiment described above will be explained. In 
this embodiment, driving is supported according to 
the traffic condition. In process 301, the information 
processing unit 110 monitors the command signal 
sent from the command unit 151 For example, 
with pushing the congestion push-button 151a of 
the command unit 151 while the subject vehicle 
stops on a congested road, the command signal is 
generated and the processing moves to process 
302. In process 302, with corresponding to the 
command signal generated by means of pushing 
the congestion push-button 151a, the detected in- 
ter-vehicle distance data output from the distance 
information sensor 121 is read and stored in the 
memory 111. The process 302 is executed only 
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when the push-button is pushed and the command 
signaJ is generated. The processing, next, moves to 
process 303 and said reference distance informa- 
tion is output to the display unit 160. The display 
unit 160 displays the labeling message of running 
mode and the reference distance information cor- 
responding to the command signal output from the 
command unit 151. 

In process 304, the detected inter-vehicle dis- 
tance data detected with the distance information 
detector 121 is periodically read and led to the 
comparator 112. In process 305, the inter-vehicle 
distance is compared with the reference distance 
information output from the memory 111. 

When the detected inter-vehicle distance data 
exceeds the reference distance, the processing 
moves to process 306 and the alarm 171 receives 
a control signaJ and generates alarm sounds to 
indicate the vehicle in front starting to move. 

Thus, only pushing the congestion push-button 
151a during the condition of stopping his vehicle 
due to congestion, the driver can take a rest, 
looking at a map, giving his eyes a rest and so on 
until the alarm is generated indicating that the 
vehicle in front has begun to move. The driver can 
reduce his mental and physical burdens consider- 
ably in such ways. 

On the other hand, when the running push- 
button 151b of the command unit 151 is pushed 
during normal running to generate a command 
signal, the inter-vehicle distance data for safe driv- 
ing is read out as a reference distance information 
from the memory 111 and led to the comparator 
112, then the data is compared with the detected 
inter-vehicle distance data output from the distance 
information sensor 121 and the result is output to 
the alarm 171. By providing an apparatus for op- 
erating an accelerator and a brake as to keep the 
inter-vehicle distance equal to the value of the 
reference distance information instead of the alarm 
171, an automatic tracking running control to keep 
a safety inter-vehicle distance against a precedent 
vehicle can be realized. The standard value of the 
safety inter-vehicle distance for the automatic 
tracking can be determined based on the actual 
detected inter-vehicle distant data output from the 
distance information sensor 121 when the running 
push-button 151b is pushed. Further, it is prefer- 
able that said reference distance information during 
the automatic tracking running control operation 
changes depending on running speed. 

FIG.6 shows another embodiment of the partial 
structure of a vehicle driving support system in 
accordance with the present invention. In this fig- 
ure, the same item numbers are used for the 
components having the same functions in the em- 
bodiment shown in FIG.3. In this embodiment, a 
selector 113 is included in the information process- 



ing unit 110. The comparator 112 is different from 
that in FIG.3 only to the extent that the comparator 
in this embodiment has a function to output the 
inter-vehicle distance information from the distance 
5 information detector 121 to the memory 111, and 
the reference distance information to the compara- 
tor 112 is entered from the selector 113. and 
further the display unit 161 displays data from both 
the distance information detector 121 and the se- 
10 lector 113. 

Referring to FIG.7, the operation of another 
embodiment of the present invention described 
above will be explained. 

In this embodiment, the information processing 
75 unit 110 analyzes the command signal from the 
command unit 151 to form the driving information 
suitable for the normal running condition or the 
congestion condition. When an improper signal is 
output from the command unit 151, it is processed 
20 as an error. In a case where the command unit 151 
used is of a type of having the push-buttons 151a 
and 151b as shown in FIG.4, the analysis on the 
command signal is carried out through discriminat- 
ing the command signal generated by means of 
25 pushing the "congestion" or the "running" push- 
button. These buttons may be physical ones or 
dummy ones materialized using a graphic display 
and a touch panel. 

In process 310, a command signal is monitored 
30 to come and the processing moves to process 320 
when the signal is received. In process 320, an 
analysis is carried out on whether or not said 
command signal is generated by means of pushing 
the running push-button 151b. In a case where the 
35 command signal is generated by means of pushing 
the push-button 151b, the processing moves to 
process 330 and the running reference distance 
display process is executed. 

The running reference distance display process 
40 330 in this embodiment has such steps, as shown 
in FIG.8, that in process 331 the character string " 
running" is stored in the condition memory area of 
the memory 111 as a labeling display message, in 
process 332 the detected inter-vehicle distance 
45 data received by the comparator 112 output from 
the distance information sensor 121 is stored in the 
running reference information memory area of the 
memory 111 as a reference distance information, 
and in process 333 both of the information are 
so displayed on the display unit 160. An example of 
the displayed picture is shown in FIG.10. 

When the command signaJ is not generated by 
means of pushing the push-button 151b. the pro- 
cessing moves to process 340. In said process 
55 340, an analysis is carried out on whether or not 
the command signal is generated by means of 
pushing the congestion push-button 151a. In a 
case where the command signal is generated by 
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means of pushing the congestion push-button 
151a, the processing moves to process 350 and 
the congestion reference distance display process 
is executed. 

The congestion reference distance display pro- 
cess 350 has such steps, as shown in FIG.9, that in 
process 351 the character string "congestion" is 
stored in the condition memory area of the mem- 
ory 111 as a labeling display message, in process 
352 the detected inter-vehicle distance data re- 
ceived by the comparator 112 from the distance 
information sensor 121 is stored in the congestion 
reference information memory area of the memory 
111 as a reference distance information, and in 
process 353 both of the information are displayed 
on the display unit 160. An example of the dis- 
played picture is shown in FIG.11. 

When the command signal is generated by 
means of neither of the push-button 151a nor 151b, 
the processing moves to the error routine 360. The 
error routine 360 has such steps, as shown in . 
FIG.12, that in process 361 the character string " 
error" is stored in the condition memory area of the 
memory 111 as a labeling display message, and in 
process 362 the information is displayed on the 
display unit 160. An example of the displayed 
picture is shown in FIG. 13. 

FIG. 14 shows an example of the stored data 
format within the memory 111 in the embodiment 
shown in FIG.6. In the memory 111, the running 
reference distance, the congestion reference dis- 
tance, the vehicle speed, the distance information 
detector 121 output are stored corresponding to 
their names. The vehicle speed data, therein, is 
entered to the memory 1 1 1 by means of branching 
off the signal transferred to an ordinary speed 
meter. The selector 113 generates the display in- 
formation to be transferred to the display unit 160 
and the comparing reference distance information 
to be transferred to the comparator 112 based on 
the stored data within the memory 111 shown in 
FIG.14. 

The comparator 113, as shown in FIG. 15, ex- 
ecutes data read out process 370 to read out data 
from the memory 111, display information output 
process 380 and comparing reference distance in- 
formation output process 390 to output the display 
information and the reference distance information. 

The display information output process 380 has 
such steps, as shown in FIG.16, that in process 
381 an analysis is carried out on whether or not the 
command signal is generated by means of pushing 
the running push-button 151b, in a case where the 
command signal is generated by means of pushing 
the running push-button 151b the display informa- 
tion output process 382 is executed. And in a case 
where the command signal is not generated by 
means of pushing the running push-button 151b, in 



process 383 an analysis is carried out on whether 
or not said command signal is generated by means 
of pushing the congestion push-button 151a, and 
the display information output processing 384 is 
5 executed in a case where the command signal is 
generated by means of pushing the congestion 
push-button 151a. In a case where the command 
signal is generated by means of pushing neither of 
the push-button 151a nor 151b, the display in- 
io formation output process 385 is executed. 

The comparing reference information output 
process 390 has such steps, as shown in FIG.17. 
that in process 391 an analysis is carried out on 
whether or not the command signal is generated 
15 by means of pushing the running push-button 
151b, in a case where the command signal is 
generated by means of pushing the running push- 
button 151b the comparing reference distance in- 
formation output process 392 is executed. And in a 
20 case where the command signal is not generated 
by means of pushing the running push-button 
151b, in process 393 an analysis is carried out on 
whether or not said command signal is generated 
by means of pushing the congestion push-button 
25 151a. In a case where the command signal is 
generated by means of pushing the congestion 
push-button 151a, the comparing reference dis- 
tance information output process 394 is executed. 
In a case where the command signal is generated 
30 by means of pushing neither of the push-button 
151a nor 151b, process 395 is executed to output 
the character string "comparison impossible" as a 
comparing reference distance information. 

The comparator 112 in this embodiment ex- 
35 ecutes the comparing process shown in FIG.18. 
Firstly, in process 401 the comparing reference 
distance information output from the selector 113 is 
read out, and then in process 402 an analysis is 
carried out on whether or not the information is a 
40 characteristic string "comparison impossible". In a 
case where the information is not the characteristic 
string "comparison impossible", the processing 
moves to process 403 and said comparing refer- 
ence distance information is input to comparison 
45 calculating process. Next, in process 404 measure 
comparing calculation processing is executed be- 
tween the detected inter-vehicle distance data and 
said comparing reference distance information, and 
the result is output to the alarm 171. 
so The running reference distance information 

process 330 described above can be modified as 
shown in FIG.19. The modification has checking 
function whether or not any erroneous operation 
exists in the driver's button pushing action by refer- 
55 ring with a running speed information, and the error 
routine is executed when the error exists. That is, 
the modification has a process 335 for reading in 
vehicle speed data from the memory 111, a pro- 
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cess 336 for analyzing whether or not said vehicle 
speed is equal to zero and an error routine 337 
being executed when the vehicle speed is zero. 

Further, the congestion reference distance in- 
formation process 350 described above can be 
modified as shown in FIG.20. The modification also 
has checking function whether or not any erro- 
neous operation exists in the driver's button push- 
ing action by referring with a running speed in- 
formation, and the error routine is executed when 
the error exists. That is, the modification has a 
process 355 for reading in vehicle speed data from 
the memory 111, a process 356 for analyzing 
whether or not said vehicle speed is equal to zero 
and an error routine 357 being executed when the 
vehicle speed is zero. 

Both of the modifications have advantages in 
storing and displaying the reference distance with 
checking the compatibility between the driver's but- 
ton pushing action and the actual running condition. 

FIG.21 shows one more embodiment of this 
invention, in which a resetter is added to the em- 
bodiment shown in Figure 3 for more practical 
configuration. In Figure 21 , the same item numbers 
in Figure 3 are used for the member having the 
same function. The resetter 152, a part of the 
command input unit 1 50, generates a resetting 
signal with referring to a command signal 131a 
actuated by the driver's button pushing action or 
accelerator pushing action or the signal generated 
by the output unit or alarm 1 71 . The resetting 
signal stops the operation of an information proces- 
sor 110 and, if necessary, a distance information 
detector 121. the resetter 152 generates the reset- 
ting signal instantaneously in reaction with the 
command signal generated by the push-button or 
the accelerator-pushing, and, on the other hand, 
generates the resetting signal after a certain period 
in reaction with the signal generated by the alarm. 

It is convenient that the reset button is pro- 
vided near the steering wheel as well as the push- 
buttons described above. 

FIG. 22 shows another concrete structure of the 
distance information detector 121 used in the 
present invention. In this embodiment, the ultra- 
sonic wave signal 121b from the transmitter 121a is 
beamed to the object 301. The reflection signal 
121d is received by the receiver 121c. At this time, 
the timer circuit 121f is started with the signal 121 e 
synchronized with the radiation of the ultrasonic 
wave signal 121b and stopped with the signal 121g 
synchronized with the reflection signal 121d. With 
this, the ultrasonic wave round-trip time is mea- 
sured with the timer circuit 121f. This measured 
time is transferred to the memory circuit 121h to 
store and converted to a distance signal in the 
distance converter 121j. In this case, usually, the 
distance converter 121j may be a converter having 



a coefficient multiplier formed with the relationship 
between the propagation time of ultrasonic wave 
and the propagation distance, and output a de- 
tected inter-vehicle distance data 121k which is the 
s propagation distance having the propagation time 
of one-half of the measured time. 

Instead of the ultrasonic wave, a modulated 
optical signal may be used. In this case, the timer 
circuit 121f can be used as a phase detector to 
w detect the phase difference between emission light 
and received light. 

FIG.23 shows another modified structure of the 
distance information detector 121 used in the 
present invention. In this embodiment, the ON-OFF 

is signal generated by an ON-OFF controller 121m is 
used to control a laser beam 121b emitted from a 
laser emitter 121a. When the laser beam is ON, 
that is, when the spot laser beam is emitted oh part 
of the object 301, the object 301 image is picked 

20 up by a camera unit 121p from another angle of 
the laser emitted direction through a mirror 121n. 
The image signal 121q from the camera unit 121p 
is stored in a temporary memory 121r. When the 
laser beam is OFF, that is, when the spot laser 

25 beam is not emitted, the object 301 is picked up 
by the camera unit 121p in the same way, and the 
image signal 121q is subtracted from the image 
signal 121s stored in the temporary memory 121r 
in a subtracter 121t. With this, the complicated 

30 patterns peculiar to the object 301 offset each 
other. As a result, the difference signal 121 u output 
from the subtracter 121t is assumed as an ideal 
signal which is brighter only in the portion cor- 
responding to the small spot laser beam. In gen- 

35 eral, however, the signal noise level is weak and 
difficult to be identified. This is why the laser beam 
is turned ON/OFF repetitively, and the difference 
signal 121 u of the image signal 121 q obtained at 
the current ON/OFF cycle is added to the dif- 

40 ference signal 121x integrated at the past ON/OFF 
cycle in a cumulative memory 121w by means of 
an adder 121v and then the result is re-stored into 
the cumulative memory 121 w. The final difference 
signal stored in the cumulative memory 121w after 

45 it is turned ON/OFF repetitively according to the 
specified number of times offsets noises and is 
assumed as an image signal of a brighter spot 
laser beam. This image signal is read, and its 
threshold value is processed in the position detec- 

50 tor 121y, and the position corresponding to the 
spot laser beam in the image signal is detected 
therefore, then the value is assumed as the dis- 
tance between the laser emitter 121a (distance 
information detector 121) and the object 301. Ac- 

55 tually, since the direction of the laser beam emis- 
sion differs from the direction of image picking-up, 
the position in the image signal is non-linear with 
the actual distance. Thus, the value may be con- 
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verted in the distance converter 121z as needed. 
The output 121k is the detected inter-vehicle dis- 
tance data. This kind of distance information detec- 
tor is described more in detail in Japanese Patent 
Application Laid-Open No.61 -37563 (1986). 

FIG.24 shows the partial structure of a further 
embodiment of the vehicle driving support system 
in accordance with in the present invention. In this 
figure, the same item numbers are used in FIG.1 
for the structural members having the same func- 
tion. This embodiment shows an actual structure in 
which the relative positioning relation from the ve- 
hicle in front (inter-vehicle distance) is kept at the 
required value during normal running in order to 
make it possible for the subject vehicle to follow up 
the preceding one. To drive an vehicle in such way 
is especially effective during driving on a highway, 
preventing the driver's fatigue for safety. When the 
driver attempts to follow up the vehicle in front, the 
inter-vehicle distance information to the subject 
precedent vehicle 301 is, as the aforementioned 
embodiments, read out from the distance informa- 
tion detector 121 and stored into the memory 111 
in the information processor 110 in accordance 
with the command signal given from the command 
unit 151 such as a start button. In this case, the 
distance information detector 121 can detect the 
inter-vehicle distance and output distance continu- 
ously or cyclically until the resetter 152 is actuated 
with the signal from the command unit 1 51 . This 
can also be realized using the said distance in- 
formation detector 121 shown in FIG'S 22 and 23 
when the detector 121 is started repetitively with 
the signal from the information processor 110. The 
detected inter-vehicle distance information mea- 
sured and updated continuously is compared with 
the reference distance information preset and 
stored in the memory 111 in the comparator 112. 
Then, the difference between the detected signal 
and the set value is output to the control unit 172. 
In the control unit 172, the accelerator operating 
signal 172a and the brake operating signal 172b 
are output and used to automatically control the 
manipulated variable for the accelerating means or 
the braking means according to the difference sig- 
nal of positive or negative value. These signals 
allow an automatic tracking driving to keep the 
inter-vehicle distance from the preceding vehicle at 
a constant value. 

To reset such automatic tracking driving mode, 
it is only needed to step on the accelerator or the 
brake operated automatically. The resetter 152 is 
then actuated with the command signal 131a gen- 
erated by stepping on the accelerator/brake and 
the operation resetting signal is transferred to the 
information processor 110. 

When the subject vehicle comes to a curve 
during tracking driving, images from a camera unit 



such as a TV camera provided optionally are used 
to find the condition of the curve through image 
processing, for example, through analyzing the 
boundary or center line of the driving lane in order 
s to control the target direction of the distance in- 
formation detector 121 to be able to follow up the 
preceding vehicle. The position of the preceding 
vehicle within its image can be recognized through 
image processing and the target of the distance 

10 information detector 121 can be controlled in that 
direction. In the Figure, a simpler method is shown. 
In this method, the self-vehicle steering wheel an- 
gle signal 131b detectable by a simple angle de- 
tector is used to drive the angle controller 122 and 

75 control the target direction of the distance informa- 
tion detector 121 provided in the controller 122 in 
order to hold the direction of the preceding vehicle 
approximately. In this case, normal driving is as- 
sured even when the distance information detector 

20 fails in catching the preceding vehicle in the target 
direction and the detected distance information 
data measured is changed abruptly. And the con- 
troller 172 generates alarm sounds to call a driver's 
attention and controls to keep the speed at a fixed 

25 value for a while until the preceding vehicle is 
caught. Such processing can be realized easily, for 
example, with the information processor 110 com- 
prising a microprocessor. 

In a case where a vehicle running in front 

30 increases or decreases its speed, the vehicle has 
to be followed up at a proper inter-vehicle distance 
corresponding to that speed. In such a case, it is 
only needed to find the proper reference inter- 
vehicle distance is decided by the subject vehicle 

35 speed signal 131c using the converter 132 to up- 
date the data in the memory 111. The converter 
132 input/output is made as shown with the curve 
C in FIG.25. It can be realized easily using, for 
example, a microprocessor and a memory circuit, 

40 which are combined into a function generator to 
generate a function that passes the point A in the 
Figure indicating the set speed v and the inter- 
vehicle distance d at that time and the point B 
indicating the desired inter-vehicle distance b when 

45 the speed is 0, that is, when the vehicle stops. To 
realize this function with the simplest straight line, 
the relationship between the inter-vehicle distance 
D and the speed V will be expressed as the follow- 
ing equation. 

50 

D = (d - b) / v x V + b (Equation 1) 

Thus, it is only needed that the converter 122 
is an arithmetic unit to calculate the proper inter- 
55 vehicle distance D corresponding to the speed V 
based on this equation. In this case, when the inter- 
vehicle distance b at the zero-speed is 5m, then 
the inter-vehicle distance can be secured properly 
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and the subject vehicle can stop with a final inter- 
vehicle distance of 5m when the vehicle in front 
decreases its speed and stops. 

When the driver commands a tracking driving 
during running at a speed of v and the inter-vehicle 
distance d from a vehicle in front is excessively 
smaller than the speed v, then the tracking driving 
is dangerous. In other words, it may be dangerous 
when the function that passes the point A (v, d) 
shown in FIG.25. In such a case, a standard func- 
tion Cp can also be used together to shift over into 
a tracking driving with keeping a safe distance. In 
other words, the values d and do (see FIG.25) of 
both the function C and the function Co output from 
the converter 132 are transferred to the information 
processor 110. Then, the preset inter-yehicle dis- 
tance value d in the memory 111, which is initially 
set based on the output value of the function C at 
is updated to the distance do based on the function 
Co gradually at certain inter-vehicle distances 
through intermediate values between C and Co, 
and finally converted to the set inter-vehicle dis- 
tance value do of the function Co- The processing 
like this can be executed easily by the information 
processor 110 comprising a microprocessor. Thus, 
the subject vehicle is separated by a safe inter- 
vehicle distance from the preceding vehicle, and 
finally the subject vehicle can go into the tracking 
driving keeping the safe inter-vehicle distance. 

On the other hand, the vehicle driving support 
system in accordance with the present invention 
can be applied even to the vehicle that runs on a 
specific railway with no modification or with slight 
modifications. In this case, the vehicle may be a 
manned railway vehicle, an unmanned railway ve- 
hicle, and an unmanned auto carrier (robot) that 
runs in factory premises. FIG.26 shows the struc- 
ture of an embodiment in accordance with the 
present invention, which can be applied to such 
unmanned driving of vehicles. 

In this embodiment, the distance information 
detector 121 may be an indirect distance measur- 
ing instrument such as a distance calculator used 
to measure the distance between the subject and 
preceding vehicles according to the position sig- 
nals of both the subject and preceding vehicles to 
be transferred via the operation control center of 
the subject railway or unmanned carrier system. 
The distance between both the vehicles is not 
measured directly at this time. The reference dis- 
tance information is not obtained through a process 
in which with the drivers start command the dis- 
tance information from the distance information de- 
tector 121 is not input into the memory 111, but 
the reference distance information is obtained 
through approaches in which with the command 
from the command unit 151 the distance informa- 
tion is sent from the operation control center and 



stored into the memory 111 as a fixed reference 
distance information or at the start of the system 
operation a fixed distance information is directly set 
in the memory 111 from the command unit 151. 
5 Especially, in a case of an unmanned vehicle, it 
would be convenient to use the preset fixed dis- 
tance information. The inter-vehicle distance from 
the preceding vehicle, which is measured directly 
or calculated indirectly, is updated with time and 

10 compared with the preset reference distance in- 
formation in the memory 111 by the comparator 
112, and the differential signal is output to the 
controller 172. The controller 172 outputs the ac- 
celerator operation signal, that is. the accelerating 

75 signal 172a and the brake operation signal, that is, 
the speed reduction signal 172b according to the 
condition the, differential signal is positive or nega- 
tive. When the inter-vehicle distance from the ve- 
hicle in front is decreased, the subject vehicle 

20 speed is also decreased. The reference inter-ve- 
hicle distance information preset in the memory 
111 is automatically updated to be decreased by 
the converter 132 corresponding to the speed re- 
duction according to the function as shown in 

25 FIG.25. As a result, the speed reduction in this 
case is made not abruptly but smoothly. When the 
preceding vehicle stops at this time, the subject 
vehicle also stops at the required stop interval b. 
When the vehicle in front begins to move, the 

30 interval is also increased. Thus, the subject vehicle 
begins to follow up the precedent vehicle. As the 
inter-vehicle distance with the precedent vehicle is 
increased, the subject vehicle is accelerated. In 
such way, as the vehicle speed is increased, the 

35 set value in the memory 111 is increased accord- 
ing to the signal from the converter 132. The track- 
ing driving is thus made at a specific inter-vehicle 
distance longer than that when the subject vehicle 
stops. 

40 FIG.27 shows the desirable configuration of an 

embodiment of the structural means mounting a 
vehicle driving support system in accordance with 
the present invention onto a vehicle. In this em- 
bodiment, the distance information detector 121 is 

45 provided on the front of the subject vehicle. The 
display unit 160, the command unit 151, and the 
output unit 170 are provided near the driver seat. 
Therewith.the commanding operation is easily car- 
ried out and alarms can be surely informed to the 

so driver. 

FIG.28 shows anther embodiment of a vehicle 
driving support system in accordance with the 
present invention mounting onto a vehicle. In this 
embodiment, the output unit 170 is provided near 
55 the vehicle controller (not shown). This allows sim- 
plifying the structure for an automatic driving con- 
trol. 
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FIG.29 shows a further embodiment of a ve- 
hicle driving support system in accordance with the 
present invention mounting onto a vehicle. In this 
embodiment, the command unit 151 and the dis- 
play unit 160 are formed as a head-up display with 
touch-panel to display the images on the wind- 
shield. 

FIG.30 and FIG.31 show other embodiments of 
the command unit 151 and the display unit 160 in 
accordance with the present invention mounting 
onto a vehicle. In FIG.30, the command unit 151 
and the display unit 160 are provided on the dash- 
board. In FIG.31, the command unit 151 is pro- 
vided on the dashboard and the display unit 160 is 
provided as a head-up display. 

On the other hand, the vehicle driving support 
system in accordance with the present invention 
can also be used for the rendezvous of moving 
bodies such as artificial satellites. In other words, 
when a satellite draws near the preceding satellite 
to be linked, the curve Ci or a straight line that 
passes the origin 0 as shown in FIG.20 is used 
instead of the input characteristic C of the con- 
verter 132 shown in FIG.25 In this case, as the 
speed is decreased, the interval between those 
satellites is set smaller, getting close to 0 gradu- 
ally. This makes the rendezvous possible with no 
shock. 

The vehicle driving support system in accor- 
dance with the present invention can also be used 
for a flying body like a missile. To use the vehicle 
driving support system in order to hit the target at 
a required speed, the curve C2 or a straight line 
that passes the horizontal axis at the point P as 
shown in FIG.32 may be used. At this time, when 
the distance to the target becomes 0, the speed, 
that is, the speed at the point P reaches the 
required speed of collision. 

Since according to the present invention ve- 
hicles can be allocated on a road or railway more 
than in the conventional method, a high density 
and high efficiency driving control can be realized. 
For this purpose, a more useful system may be 
structured especially for a railway in an over- 
crowded city as a loop railway system. 

As explained above, the vehicle driving support 
system can monitor the restarting of the preceding 
vehicle during stopping of the vehicle, which would 
ease the tension of the driver in traffic congestion. 
During running, the driver can follow up the prece- 
dent vehicle with keeping a proper distance from 
the precedent vehicle, which would assure the driv- 
er of safe driving, especially driving on a highway. 
Thus, the driver can be freed extensively from the 
mental and physical burdens to be imposed during 
driving, allowing safe driving to be made. 

FIG.33 shows the partial structure of a further 
embodiment of the vehicle driving system in accor- 



dance with the present invention. In the figure, the 
numeral 100 indicates an vehicle in which the ve- 
hicle driving support system in accordance with the 
present invention is mounted. 
5 Said support system 110 comprises a body 

motion detector 114, an obstacle detector 115, an 
information memory on vehicle 116, an environ- 
mental information processing unit 117 and a guid- 
ance information selector 118, which are comprised 

10 in a micro processing unit. An environment sensor 
120 has a TV camera 124 and a distributed prox- 
imity sensor 125. A vehicle body sensor 130 has a 
wheel rotating speed sensor 133, a wheel rotating 
direction sensor 134 and a steering wheel angle 

75 sensor 135. A command unit. 152 is provided as a 
command input unit having a push-button to re- 
quest the information on obstacles around the ve- 
hicle and a push-button to request the information 
on guidance information in a parking lot. 

20 The body motion detector 114 generates mo- 

tion data 114a and 114b based on a motion signal 
131e from the vehicle body sensor 130. 

The obstacle detector 115 generates obstacle 
data 115a based on the environment data 126a 

25 from the environment sensor 120 and the motion 
data 114a from the body motion detector 114. The 
information memory on vehicle 116 has a vehicle 
dimension memory 116a and a map information 
memory 116b. 

30 The environment information processing unit 

117 generates various environment information 
117a around the vehicle by calculating with using 
the motion data 1 14b from the vehicle body sensor 
114, the obstacle data 115a from the obstacle 

35 detector 115 and the memory data 116c from the 
information memory on vehicle 116 based on the 
command signal 152a from the command unit 152. 
And the guidance information selector 118 supplies 
a suitable guidance information 118a to the display 

40 unit 160 by selecting the environment information 
117a generated by the information processing unit 
117 corresponding to the command signal 152a. 

Next, each of components composes the sup- 
port system described above will be explained in 

45 detail. 

The body motion detector 114 receives the 
motion signal 1 31 e from the wheel rotating speed 
detector 133, the wheel rotating direction detector 
134 and the steering wheel angle detector 135, 
50 obtains the running direction and the running speed 
of the vehicle using the motion signal 131e, then 
outputs the result as the motion data 114a and 
114b. 

The obstacle detector 115 obtains the locations 
55 and the surface shapes of the obstacles around the 
vehicle using the TV camera 1 24 and/or the distrib- 
uted proximity sensor 125 and the motion data 
114a from the body motion detector 114 and out- 



11 



21 



EP 0 590 588 A1 



22 



puts the result as the obstacle data 16. 

The environment information processing unit 
117 obtains memory data 116c from the vehicle 
dimensions memory 116a and the map information 
memory 116b, motion data 114b from the body 
motion detector 114, and obstacle data 1 1 5a from 
the obstacle detector 115, and mixes them to cal- 
culate for finding and outputting the environment 
information 1 1 7 around the vehicle in the real time 
corresponding to the real dimensions of the ve- 
hicle. 

The guidance information selector 118 then 
selects the most proper guidance information 1 1 8a 
for the driver from the viewpoint of safety, al- 
lowance, etc. according to the criteria that whether 
or not it is possible for the driver to judge the 
information subjectively. The selected result is out- 
put onto the display unit 160 such as instrument 
panel, console panel and so on. 

Although not shown in the Figure, the guidance 
information may be used to drive informing means 
that transmits information to other human senses 
than the visual sense, for example, a device that 
issues alarms and shakes the driver seat to in- 
dicate something important as well as image dis- 
play. 

Although not shown in the Figure, the guidance 
information system may be used to avoid an ac- 
cident when a collision might occur by means of 
converting the information into a signal to control 
the brake and/or the steering wheel in a case 
where the ambient condition is judged dangerous. 

According to this embodiment, as mentioned 
above, the present invention can provide a vehicle 
driving support system which can act for doing the 
comparatively low level "data processing" work in 
the driver's "information generation works" (= in- 
terpretation of the environmental conditions). 

FIG. 34 is a view showing the detecting con- 
dition and the result displayed on the display unit 
160 which a distributed proximity sensor 125 is 
used as the environment sensor 120. The distrib- 
uted proximity sensor 125 may be, for example, a 
combination of an LED (near infrared ray diode) 
and PD (photo-diode) which is equipped on the 
periphery of a vehicle 100 in a belt-shape. The 
environment signal 126a from the distributed prox- 
imity sensor 125 is used to get the shape informa- 
tion of the target obstacles detected near the sub- 
ject vehicle. The information is output onto the 
display unit 160 as a bird's-eye view map that 
includes the vehicle itself. 

The result detected by the distributed proximity 
sensor 125 is displayed as shown in the figure 
where when no obstacle is detected a white circle 
125a is displayed, and when an obstacle is de- 
tected a black circle 125b is displayed. A black 
triangle 100a indicates the forward direction 100b 



of the vehicle. When data is displayed on the 
display unit 160, the driver can recognize an ob- 
stacle X existing in the rear left and its shape. 

FIG.35 shows how the environment conditions 

5 are monitored using the environment signal 126a 
from the distributed proximity sensor 125 and the 
motion data 114a. Referring to FIG.36, the process- 
ing flow for monitoring the environment conditions 
will be explained. 

10 In process 501, the environment signal 126a 

indicating the obstacles detected around the ve- 
hicle is obtained from the distributed proximity 
sensor 125, then in process 502 the signal is 
stored in the memory as an environment signal 

75 126b. 

In process 503, the body motion detector 114 
obtains the vehicle motion data 131 e from the 
signals output from the wheel rotating speed detec- 
tor 133, the wheel rotating direction detector 134 

20 and the steering wheel angle detector 135, and 
then outputs motion data 114a and 114b. 

In process 504, the obstacle detector 115 tem- 
porarily set the vehicle's running direction as the 
target area referring to the environment signal 1 26b 

25 and the motion data 114a. And in process 505, it is 
judged whether or not obstacles exist in the target 
area, when no obstacle is detected, the area is 
decided as the target area in process 506. When 
an obstacle exists, in process 507 the direction 

30 towards the obstacle is further checked to decide 
whether or not it can be selected as the target 
area. The accuracy of the distributed proximity 
sensor 125 is raised such way only in the neces- 
sary area, reducing the influence by noises effec- 

35 tively. In next process 508, the obstacle detector 
115 decides the judgment level for the detection 
area 125c and the discrimination of obstacle exist- 
ing. In process 509, the obstacle detector 115 
obtains the environment signal 126a from the dis- 

40 tributed proximity sensor 125. In next process 510, 
the environment signal 126b stored beforehand is 
subtracted from this environment signal 126a to 
obtain more accurate obstacle data 115a. 

In process 511, the environment information 

45 processing unit 117 obtains the stored data on the 
vehicle dimensions 116c from the vehicle dimen- 
sions memory 116a, the motion data 114b from the 
body motion detector 114 and the obstacle data 
115a from the obstacle detector 115 to generate a 

so shape information on the vehicle itself and the 
obstacle X detected near the vehicle and the envi- 
ronment information 117a corresponding to the ve- 
hicle motion by means of calculating with these 
information. 

55 After this, in process 512, in accordance with 

the command signal 152a from the command unit 
152 the guidance information selector 118 gen- 
erates the guidance information 118a which has a 

12 
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bird's eye view map including the vehicle over- 
lapped on other information and displays it on the 
display unit 161, providing accurate guidance in- 
formation of the obstacle X at a proper timing. 

In process 513, the obstacle detector 115, the 
environment information processor 117 and the 
guidance information selector 118 then judge 
whether or not the processing needs to continue 
referring to the command signal 152a. When 
judged necessary to continue, the processing re- 
turns to process 502 to store the environment 
signal 126a as the environment signal 126b. 

FIG. 37 shows the partial structure of a further 
embodiment of the vehicle driving support system 
in accordance with the present invention. The sup- 
port system is a system formed by adding a com- 
munication unit 140 to the embodiment described 
with referring to FIG.33 - FIG.36. The system can : 
obtain wide ranged information such as map in- 
formation, congestion information, route direction, 
information from other vehicles and so on in the 
real time from an information memory out of ve- 
hicle 141 through road-vehicle, vehicle-vehicle or 
satellite communications for an infrastructure or the 
like. The communication unit 140 communicates 
with the information memory out of vehicle 1 41 
while the communication unit transferring the com- 
munication data 140a with the environment infor- 
mation processor 117. 

FIG. 38 shows the processing flow to generate 
the guidance information for parking using the sup- 
port system shown in FIG. 37. FIG.39 and FIG.40 
show examples of the bird's eye view map for the 
parking guidance. This processing flow is basically 
the same as that of the obstacle detection shown in 
FIG.36. Referring to FIG.38, the processing will be 
explained more in detail. The environment informa- 
tion detected only around the subject vehicle in 
process 701 corresponds to the processes 501 
through 51 1 as shown in FIG.36. 

Then, in process 702, the environment informa- 
tion processor 117 obtains the information from the 
distributed proximity sensor 125 mounted on an- 
other vehicle through the communication unit 140 
as communication data 140a. In process 703, the 
information is mixed and calculated in said environ- 
ment information processing unit 117 to obtain the 
wide ranged environment information 117b includ- 
ing the obstacle that might interfere with the ve- 
hicle motion. 

As for the vehicle that is moving or might be 
about to move, the moving direction is displayed 
as a vector. The length of the arrow mark indicates 
the moving speed and the type of the arrow mark 
indicates the level of danger. Explaining more in 
detail, there are the following types of arrow marks. 
Black arrow mark A, square mark with hollow arrow 
B, and circle mark with hollow arrow C. The safety 



goes lower in order of A, B, and C. In other words, 
C has the highest possibility of collision or scrap- 
ing. Concretely, the black arrow mark A indicates 
that no obstacle exists in the moving direction. The 
5 square mark with hollow arrow B indicates that the 
vehicle is coming toward the obstacle. The circle 
mark with hollow arrow C indicates that the ob- 
stacle (another vehicle ahead, which is regarded as 
an obstacle) is also coming toward the self-vehicle 

10 (approaching). 

As a result, the guidance information selector 
1 18 calculates for whether or not an obstacle exists 
near the self-vehicle in process 704. When no 
obstacle exists, in process 706 the system selects 

15 the arrow mark A. When an obstacle exists, in 
process 705 the system further calculates for 
whether or not the obstacle is coming towards the 
self-vehicle. If not, the system selects the arrow 
mark B in process 707. If the obstacle is coming, 

20 the system selects the arrow mark C in process 
708. Then in process 709, the system sets the 
direction and length of the arrow mark according to 
the moving direction and speed of each obstacle 
and decides the conditions of the arrow mark to 

25 display. The guidance information selector in pro- 
cess 710 generates the wide ranged guidance in- 
formation 118a and in process 711 the display unit 
1 60 displays the result. 

After this, in process 712, the obstacle detector 

30 115, the environment information processor 117 
and the guidance information selector 118 judge 
whether to continue the processing again with re- 
ferring to the command signal 152a. If judged 
necessary, the processing returns to process 701. 

35 The driver can know the condition of the whole 

necessary space, for example, with the wide 
ranged guidance information 118 displayed as 
shown in FIG.39. Thus, the driver can select the 
most proper parking area for him. In addition to the 

40 presence or absence of obstacles, the driver can 
also obtain the information on the level of danger 
and the direction in which the obstacle is detected. 

The driver can also use the information around 
the parking lot P, such as house H, tennis court T 

45 and the like to select an action to be taken freely 
and efficiently after he leaves his vehicle. 

As for a vehicle that faces in an oblique direc- 
tion, in FIG.39 the direction into which the vehicle 
is moving or is about to move actually is displayed 

so as a block D. In FIG.40, however, the vehicle is 
regarded as a block E which is sectioned with 
partial lines both perpendicular and parallel to the 
vehicle in top plan view. The vector of the moving 
direction is divided into vectors of the X and Y 

55 directions. Each vector is then displayed as an 
arrow mark corresponding to the level of danger in 
each direction. These two displaying methods can 
be selected to suit the optimized parking guidance. 



13 



25 



EP 0 590 588 A1 



26 



For example, it will be as shown in FIG. 39 when 
the current parking condition has to be known as 
early as possible, and will be as shown in FIG. 40 
when the allocation of vehicles has to be consid- 
ered or the level of danger has to be found. s 

FIG.41 shows a part of the information memory 
out of vehicle 141. An image information displayed 
on the display unit 142 in said information memory 
out of vehicle used by the parking manager is 
shown in the figure. FIG.42 shows the visual field of 10 
the driver during the parking guidance operation. 
As the manager gives direction information to go 
into the parking area to the vehicle 100 using a 
mouse 143, said information is transferred to the 
environment information processor 1 77 through the 75 
communication unit 140 and displayed onto the 
display unit 161. The driver can be led to the 
parking area much more efficiently both in space 
and time than in a case where he will rely only on 
the information given from the manager directly 20 
through the windshield. In addition, another method 
to support the parking of the vehicle 100 can also 
be considered: In this case, the driver is not need- 
ed to lead his vehicle to the parking area. The 
driver and/or the manager gives the directions to 25 
allocate a parking area to the vehicle 100. The 
guidance information is transmitted to the vehicle 
according to the directions. 

As explained above, the present invention can 
provide the driver with an optimized information 30 
depending upon the various running condition by 
means of constructing an integrated support sys- 
tem by selectively combining the parts in the em- 
bodiments described above. 

35 

Claims 

1. A vehicle driving support system generating 
driving reference information by detecting the 
environmental condition around a vehicle, 40 
wherein the vehicle driving support system has 

an information processor (110,117) which gen- 
erates driving reference information suitable for 
the running condition of said vehicle by pro- 
cessing the environment data obtained by de- 45 
tecting the condition around the vehicle cor- 
responding to the plurality of the running con- 
ditions of said vehicle. 

2. A vehicle driving support system according to 50 
claim 1, further comprising environment de- 
tecting means (120) for obtaining objective in- 
formation around a vehicle, running condition 
specifying means (150) for selectively specify- 
ing one from the plurality of running conditions, 55 
information processing means for generating 
driving operation reference information corre- 
sponding to the running condition of the ve- 



hicle by means of processing said objective 
information specified in accordance with the 
running condition and informing means (160) 
for informing said driving operation reference 
information to a driver. 

3. A vehicle driving support system according to 
claim 2, said running condition specifying 
means (150) comprising command input 
means for generating a command signal by a 
driver's operation to specify that said vehicle is 
in a normal running condition or in a conges- 
tion running condition, said information pro- 
cessing means (110) monitoring a vehicle 
stopping in front of said vehicle and generating 
driving operation reference information to in- 
form the driver of the starting of the precedent 
vehicle when a command signal of the conges- 
tion running condition is given. 

4. A vehicle driving support system according to 
claim 2, said environment detector (120) com- 
prising a distance information detector for ob- 
taining the distance information between the 
vehicle and an object located in front thereof, 
comprising information processing function in 
which said running condition specifying means 
(150) comprises command input means for 
generating a command signal by a driver's 
operation to specify that said vehicle is in a 
normal running condition or in a congestion 
running condition and said information pro- 
cessing means monitors a vehicle stopping in 
front of said vehicle and generates driving op- 
eration reference information to inform the driv- 
er of the starting of the precedent vehicle when 
a command signal of the congestion running 
condition is given. 

5. A vehicle driving support system according to 
claim 2, said running condition specifying 
means (150) comprising input means for speci- 
fying that said vehicle is in a narrow passage 
running condition or in a parking lot running 
condition by a driver's operation, said informa- 
tion processing means, (110) when the vehicle 
is in the narrow passage running condition, 
monitoring an object near said vehicle with a 
relative position relationship to said vehicle and 
generating driving operation reference informa- 
tion to inform the driver thereof, and when the 
vehicle is in the parking running condition, 
generating driving operation reference informa- 
tion to inform the driver of the distribution 
condition of the objects existing in a parking 
lot. 
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6. A vehicle driving support system according to 
claim 2, said information means (160) compris- 
ing a display unit to display the character 
information and the driving operation reference 
information indicating a specified running con- 5 
dition. 

7. A vehicle driving support system according to 
claim 2, said information means (160) compris- 
ing a head-up display unit to display the driv- io 
ing operation reference information onto the 
windshield of the vehicle. 

8. A vehicle driving support system comprising a 
vehicle body sensor (130) to detect both the 75 
direction and the speed of a vehicle, body 
motion detecting means (114) to detect the 
vehicle motion by receiving signals, from said 
body sensor (130). and environment sensor 
(120) mounted on the periphery of the vehicle 20 
body (100) to detect nearby obstacles, ob- 
stacle detecting means (115) to receive signals 
from said vehicle motion detecting means 
(130, 114) and said environment sensor (120) 

and to detect the presence/ absence of ob- 25 
stacles in the running direction of the vehicle, 
as well as the size, shape, location of the 
obstacle when any obstacle exists, an informa- 
tion memory (116) on vehicle in which vehicle 
dimensions, map information and the like are 30 
stored, environment information processing 
means (117) to calculate the environment in- 
formation around the vehicle based on the 
information from said body motion detecting 
means (114), said obstacle detecting means 35 
(115) and said information memory (116) on 
vehicle, guidance information selecting means 
(118) to receive the environment information 
calculated by said environment information 
processing means (117) and to select the ve- 40 
hide guidance information among said infor- 
mation based on decision criteria on safety, 
allowance and so on, and informing means 
(160) to inform the selected guidance informa- 
tion.. 45 

9. A vehicle driving support system according to 
claim 8, said informing means (160) displays 
the guidance information as a visual informa- 
tion form. 50 

10. A vehicle driving support system according to 
claim 8, said informing means (160) outputs 
the guidance information as an aural informa- 
tion form. 55 

11. A vehicle driving support system according to 
claim 8, said informing means (160) outputs 



the guidance information as a tactile informa- 
tion form. 

12. A vehicle driving support system according to 
claim 8, further comprising a controller to con- 
trol operation means for operating running of a 
vehicle based on said guidance information. 

13. A vehicle driving support system according to 
claim 8, said body sensor (130) comprises a 
wheel rotating speed detector (133) to detect 
the rotating speed of wheel, a wheel rotating 
direction detector (134) to detect the rotating 
direction of wheel and a steering wheel angle 
detector (135) to detect the rotational angle of 
steering wheel. 

14. A vehicle driving support system according to 
claim 8, said environment sensor (120) com- 
prises a TV camera (124) to detect obstacles 
ahead as image information, and a distributed 
proximity sensor (125) mounted on the periph- 
ery of the vehicle body (100) to detect nearby 
obstacles through a non-contacting way. 

15. A vehicle driving support system according to 
claim 8, said obstacle detecting means (115) 
obtains the information on the obstacles which 
may interfere with the vehicle motion through 
processing the environment data from the envi- 
ronment sensor (1 20) and the motion data from 
the body motion detecting means (130). 

16. A vehicle driving support system according to 
claim 8, said informing means (160) comprises 
a display unit to display nearby obstacles over- 
lapping on a bird's-eye view map of the ve- 
hicle. 

17. A vehicle guidance information system com- 
prising a vehicle body sensor (130) to detect 
both the direction and the speed of a vehicle, 
body motion detecting means (1 i 4) to detect 
the vehicle motion by receiving signals from 
said body sensor (130), an environment sensor 
(120) mounted on the periphery of the vehicle 
body (100) to detect nearby obstacles, ob- 
stacle detecting means (115) to receive signals 
from said vehicle motion detecting means 
(114, 130) and said environment sensor (120) 
and to detect the presence/absence of ob- 
stacles in the running direction of the vehicle, 
as well as the size, shape, location of the 
obstacle when any obstacle exists, an informa- 
tion memory (116) on vehicle in which vehicle 
dimensions, map information and the like are 
stored, communicating means (140) to com- 
municate with a ground or satellite commu- 
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nication system or another vehicles commu- 
nication system to obtain wide ranged informa- 
tion around the vehicle, environment informa- 
tion processing means (117) to calculate the 
wide ranged environment information around s 
the vehicle based on the information from said 
body motion detecting means (130, 114), said 
obstacle detecting means (115), said informa- 
tion memory (116) on vehicle and said com- 
munication means (140), guidance information 10 
selecting means (118) to receive the environ- 
ment information calculated by said environ- 
ment information processing means (117) and 
to select the vehicle guidance information 
among said information based on decision cri- 75 
teria on safety, allowance and so on, and in- 
forming means (160) to inform the selected 
guidance information. 

18. A vehicle guidance information system accord- 20 
ing to claim 17, said informing means (160) 
comprises a display unit to display a wide 
ranged bird's-eye view map around the vehicle 
based on the environment map information ob- 
tained through said communication means 25 
(140), as well as to make said vehicle guidance 
information overlap on said bird's-eye view 
map for display. 

19. A vehicle having a vehicle driving support sys- 30 
tern comprising environment detecting means 
(120) for obtaining objective information around 

a vehicle, running condition specifying means 
(150) for selectively specifying running con- 
dition, information processing means (110) for 35 
generating driving operation reference informa- 
tion corresponding to the running condition of 
the vehicle by means of processing said objec- 
tive information specified in accordance with 
the running condition, informing means (160) 40 
for informing said driving operation reference 
information to a driver, and said informing 
means (160) comprising a display unit moun- 
ted near the driver's seat. 

45 
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